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CHAPTER ONE

INTRODUCTION

“ And | submit that as we live in times of change, we must be architects of that change or
we will most certainly beitsvictims.”

John A Volpe, speech to the Western Association of State
Highway Officias, Salt Lake City, Utah, June 6, 1972

Transportation policymakers livein aworld of change so rgpid and profound thet the
lines between forecast and redlity frequently blur. 1n 1903, few envisoned that the
Wright Brothers' short flight on the dunes of Kitty Hawk, North Carolina, would lead to
transatlantic passenger service just 33 years later, and to man’sfirst steps on the moon,
just 36 years after that. Astechnology continues to renew and expand, transportation
must and will change too, as new forces stretch the human mind and open our futures to
new opportunities as yet undreamed.

At this threshold of anew century and a new millennium, the process of globaization has
broadened our horizons and forever changed the way we grow, develop, communicate,
learn and care for our planet and for each other. Asit has changed individud lives, it has
aso influenced government to streamline programs, encourage privatization of many
functions and respongbilities, and recognize that problems are best addressed through
inter-jurisdictiona and inter-ingtitutional collaboration, public involvement, and holigtic
approaches.

Globdization's change has created tensdons as well, asit clashes with loca customs,
priorities, and needs. The new forces that globalization has unleashed confront the
internationad community with challenges and opportunities that fundamentaly affect the
way government, together with its myriad of stakeholders, makes judgments and
decisions about the future. For transportation, this new world of change demands a new
way of thinking about transportation’ s place and contribution to the larger purposesiit
sarves. It demands new tools, new dliances, and a new architecture for determining the
intricate choices that trangportation entails and creates.

Policy Architecture

These changes present opportunities in transportation policy and decison making . The
purpose of this report is to describe the issues that affect decison making and discussa
framework for future decison making -- a policy architecture -- that can prepare the
transportation system to respond effectively to issues and challenges.

Just asin any large organization today, future transportation decision makers will need to
consider how we efficiently organize and manage our work - our business affairs; how
we make multimoda, technological, and infrastructure investment decisons for the
nationa trangportation system - our devel opment affairs; and how we identify



opportunities to foster a climate for trangportation innovation and continuous learning -
our ahility to create learning organizations. These three overarching questions
collectively provide an umbrellaframework for addressing future transportation decison
meaking in this report.

If you don’t feel the need to have all of the power in your hands, and you see your ability
to persuade as an ability to influence, then you can work with the entire stakehol der
community. Secretary Rodney Sater, DOT Policy Architecture Forum

Future decisions of al stakeholders of the nationd transportation system will require a
collective visonary and vigilant leadership thoughout the transportation enterprise. The
U.S. Department of Transportation’s (DOT's) primary role is exercising strong leadership
in addressing the emerging issues and future chalenges facing transportation and

providing effective sewardship over the exigting trangportation system. This report
establishes aframework for making decisons specificadly aimed at future outcomesto

and impacts on the U.S. transportation system in 2025.

The decison making roles of public- and private-sectors defined in Chapter Two and the
emerging issues and concerns addressed in Chapter Three set the stage for the policy
architecture discussion. Chapter Four definesthe critical factors for atransportation
decison making process for the future. Specific strategies presented in Chapter Five
present avariety of approaches that can be considered to move towards more effective
trangportation decison making. The Department gathered these Strategies from

stakehol ders through extensive outreach over the first Six months of the year 2000.

A companion report, Transportation in the Next Millennium, provides gresater detail on
the history of issues facing transportation during the last quarter of the 20" Century and
leading into the 21% Century. Taken together, these two documents provide information
and points of departure for future decison makersin the transportation enterprise.

The Transportation Enterprise

This report addresses America s transportation enterprise which is comprised of dl the
parties involved with the investment, management, operations, and uses of transportation.
These public and private interests with multiple goas make up the transportation
enterprise. No single organization within it has direct responsbility for the whole, or
even amgority of the enterprise. Individua entities make decisions according to ther
needs and resources, and the aggregate of these decisions may not be optimal for the
overdl enterprise or may have unintended consequences for the whole enterprise. For
example, individuas who drive to work aone worry little about insufficient norntauto
choices. Those looking at the system from anationa perspective, however, may be
concerned about limited choices and the resultant extreme demands on one segment of
the trangportation system.

Each entity hasits own role in the enterprise. For example, individua companies decide



which markets to serve in what manner. Congress decides how much federa money will
go to individual modes of transportation across the country. Local and state governments
decide on moda funding as well as what infrastructure to build to solve a particular set of
problems or to serve specific needs. The Department has the role as seward of the
trangportation system, providing leadership and helping to set the conditions within

which individud participants make effective decisons.

Evolution of Federal Policy Development

Trangportation policy development in the United States has evolved in response to
nationa problems and opportunities, shiftsin ideology on the role of government, and
changesin the nation’ s transportation systems, networks, and technology.

President John F. Kennedy described the American approach to transportation as “(a)
chaotic patchwork of inconsstent and often obsolete legidation and regulation.”
President Lyndon B. Johnson wrote that “(t)he country’ s transportation facilities respond
to the needs of an earlier America’ and asked the Congressto establish the U.S.
Department of Transportation (DOT) to create a “ coordinated transportation system.”

Formation of DOT

The U.S. Department of Transportation Act of 1966 tied the creation of the Department to the economic
growth and stability of the Nation. The U.S. DOT was established in 1968 to:

assure the coordinated, effective administration of the federal government’ s transportation
programs;

facilitate the development and improvement of coordinated transportation service, to be
provided by private enterprise to the maximum extent feasible;

encourage the cooperation of Federal, State, and local governments, carriers, labor, and other
interested parties toward the achievement of national transportation objectives;

stimulate technol ogical advancesin transportation;

provide general leadership in the identification of transportation problems; and

develop and recommend to the President and the Congress for approval national transportation
policies and programs to accomplish these objectives with full and appropriate consideration
of the needs of the public, users, carriers, industry, labor and the national defense.

Many DOT programs originated in other Executive cabinet departments. The highway
grant programs, for example, originated as Department of Agriculture programsto
improve access for farmers to markets in urban areas. The aviation programs were
gtarted to nurture and ensure the safety of the new mode. Maritime programs were
created to enforce revenue laws during the 18™ century. The Department of
Trangportation was created to bring order and cohesion to these policies and agencies and
to move towards a more comprehensive and coordinated transportation decison making
process.



Periodicaly, DOT has reflected on the satus of the trangportation system to assess
whether or not the transportation system is prepared to meet emerging chalenges and
opportunities. Since 1968, the Department has undertaken six such mgor,
comprehensive, intermodal assessments. Other independent commissions have prepared
additiona system-wide reports. A common theme in these reports is the desirability of
greater coordination among programs and the need to bring a more intermodal, or
multimodal, perspective to transportation policies and programs.

One of the more comprehensive studies was National Transportation Trends and
Choicesreleased in 1977 by Secretary William T. Coleman J. Trends and Choices was
prepared during a period of major energy shortages, high inflation, dow growth and
extensve economic regulation of transportation operations. The report emphasized the
importance of: (1) comprehensive transportation policy, (2) competition among
trangportation modes, and (3) therole of the U.S. Department of Transportation in

meaking program and resource alocation decisonsin light of intermoda tradeoffs and
broader nationa objectives.

National Multimodal Transportation Studies
prepared by Department of Trangportation

1972 National Transportation Study — 1972 John A. Volpe

1975 National Transportation Study — 1974 Claude S. Brinegar

1977 National Transportation Trends & Choices William T. Coleman, Jr.

1980 National Energy Transportation Study Neil Goldschmidt (DOT)
and Charles Duncan, Jr (DOE)

1990 National Transportation Strategic Planning Study Samuel K. Skinner

1996 A Progress Report on the National Transportation System Initiative  Federico F. Pefia

Other National Multimodal Trangportation Studies

1988 Fragile Foundations: Report on America s Public Works National Council on Public
Works Improvement
1979 National Transportation Policies Through the Y ear 2000 National Transportation Policy
Study Commission
1985 Freight Transportation Eno Foundation
1991 Delivering the Goods: Public Works Technol ogies, Management and Financing
Office of Technology Assessment
1994 Toward aNational Intermodal Transportation System National Commission on
Intermodal Transportation

Theworld has changed greetly in many ways since then. The nation isin a period of
globdization and economic growth with relatively low inflation and rapid technologica
transformation. In the face of such changes and at this beginning of a new millennium,
DOT needs to again answer the question that President Johnson asked over 30 years ago:



I sthe transportation system capable of meeting the future needs of the nation?

Over the past three years, the U.S. DOT has put into place internal systems and processes
to address the nation’ s future trangportation needs. There are severd interrelated interna
planning activities and tools to guide Departmentdl actions,

The Department’ s strategic planning process resulted in broad organizationa
gods, outlined mgor drategies for DOT to undertake to achieve those gods, and
st aframework for performance goas to measure progress. The first Strategic
Plan, issued in 1997, had afive-year time horizon and was updated in 2000. The
first plan was judged by the Congress as the best in the federa governmen.

The Department’ s Performance Plan, with a one-year time horizon, describes
specific initiatives to be undertaken to implement the Strategic Plan and provides
quantitative measures of annuad changesin the performance of the transportation
sector. The Performance Plan, in turn, is monitored through agency and senior
executive Performance Agreements that are updated each year.

The Department indtituted a“ONE DOT” gpproach to bring a unified, multimodal
approach to problems and programs. ONE DOT activities occur in those areas
where the unique mandates, expertise and responghilities of the individua
operating adminigtrations overlgp. ONE DOT aso provides a viewpoint across
al modes and programs and is directed toward better program resource
management.

Within the ONE DOT framework, the Department has ingtituted “Fagship
Initiatives’ to highlight priority aress where the Department is pursuing specific
shorter-term accomplishments. Under this process, ONE DOT committees
identify and implement specific program gods building on Departmental
activities.

The policy architecture outlined in this report is proposed as a next logicd step for the
Department of Transportation to lead the changes encompassing transportation on a
globa scde. Itisenvisoned asthe over-arching framework that supports effective
decison making for today’ s very complex transportation industry, reates DOT internd
activitieswith externd actions by stakeholders in the trangportation enterprise, and offers
drategies to guide future decison making in trangportation.



CHAPTER TWO

DECISION MAKING IN THE
TRANSPORTATION ENTERPRISE

The transportation enterprise’ s operations and services are established by individua
decisons made by its many members. Each entity, whether public or private, makes
decisonsthat seek to achieve specific gods. private companies seek maximization of
profits and shareholder vaue while public agencies seek to ensure a balanced system
trangportation system that achieves socid godsinduding safety, bility,
environmenta protection and nationa defense. The aggregate of and synergy among
these individua decisions determines the total services and Structure of the transportation
enterprise.

Public Sector Decision M aking

The public sector identifies the circumstances in which markets can be rdlied on to
achieve efficiency, those in which equity demands intervention, and those in which a

bal ance must be struck between efficiency and other important socid gods. These
identifications and interventions are made according to formal procedures that govern
budget dlocations, investment and operations, decison schedules, and public
involvement. The procedures, created by legidation and regulation, are intended to
edtablish trangparency and accountability in Federd, state and local agencies. The private
sector pursues efficiency within the resulting sphere that isablend of private and public
values, objectives, and purposes.

Because of the high initid investment needed to incubate a mode, each mgjor
trangportation mode—highways, waterways, ral, trangt, and aviation-- received support
from legidative and executive bodies when its potentia public good became apparent.
As the mode matured, the public sector modified its support to alow the private sector’s
purauit of increasng efficiencies within the modd market. Asaresult of thislegacy and
its subsequent adjustments, public sector decision making has traditionally been
separated by mode and limited private operations to individual modes. The public
sector’ s evolution from incubator to facilitator has been accompanied by a broadening of
decison making process, alowing an increasingly multimoda approach for public and
private operators.

The Transportation Equity Act for the 21¥ Century of 1998 (TEA-21), the successor to
the Intermoda Surface Transportation Efficiency Act of 1991 (ISTEA), provided the
funds and legidative mandates for the next six years of surface trangportation investment.
The Department of Transportation conducted a multimodal, participatory diadogue
through five nationd listening sessons and five One-DOT conferences before initiaing
the regulatory process to implement this landmark legidation.




State and loca governments own the preponderance of public sector trangportation
facilities and services, and the aggregation of their regiond decisions determinesthe
public component of how the nationd trangportation system operates. The federd
government provides the nationa policy framework, financid ad, technica assgtance,
training, data, and research in support of state and local decison making. Consequently,
the efficiency and effectiveness of the nationd transportation system is the cumulative
result of discrete decisons by individua public and private entities.

Recent Developmentsin Public Decision Making

Changing issues, conditions and vaues drive the parameters of transportation decision
making. The current system isthe legacy of incrementd adjustments made over decades
of trangportation policy. In recent years, when the opportunity to address the basic
congtructs of the decison making system arose, the enterprise sgnificantly strengthened
basic decison making processes.

Urban Decision Making. During the 1960s and 1970s, the nation began to recognize the
regiona scope of metropolitan transportation decisons. The Federal-Aid Highway Act of
1962 required urbanized areas of 50,000 or more population to develop a continuing,
comprehensive urban transportation planning process, carried out cooperatively by states
and locd governments, as a condition of digibility for federd-ad highway funds.

The Act influenced the organization of urban trangportation decision making through three
key provisons. It:

1. Structured the planning and decision making processes at the regiond scae for an
entire urbanized area and not for individua governmenta units,

2. Required gates and locd communities to undertake cooperative planning
processes, and

3. Required the coordination of urban trangportation systems with land devel opment
on amultimodd bass.

The Airport and Airways Development Act of 1970 established the Aviation Trust Fund.
As part of thisincreased Federd role, forma guidance on airport planning was initiated
through such publications as the Advisory Circular on Airport Magster Plans. Thefirst
Metropolitan Airport System Plan studies were undertaken a thistime,

The Federal-Aid Highway Act of 1973 strengthened planning requirements by
establishing Metropolitan Planning Organizations (MPOSs) in urbanized areas of 50,000 or
morein population. Composed of local eected officids and designated by state
governors, MPOs assumed responsibility for urban trangportation planning and decison
making processes and were charged with developing long-range plans and shorter range
transportation improvement programs for their region.

The Intermoda Surface Trangportation Efficiency Act of 1991 (ISTEA) required MPOsto
establish an inclusive, proactive public involvement process for community participation
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and to coordinate trangportation plans with the provisions of the Clean Air Act. The
Trangportation Equity Act of the 21st Century (TEA-21) built on ISTEA’sinclusveness
by requiring participation by “citizens, affected public agencies, representatives of
trangportation agency employees, freight shippers, private providers of trangportation,
representatives of users of public trangt, providers of freight trangportation services, and
other interested parties.”

Asthe urban planning and decision making process evolved towards an increasingly
inclusive process, federd |egidation hasincreasngly provided funding flexibility among
program categories alowing trangportation investments to better respond to localy-
determined needs and priorities. A clear example of moving toward increased loca
decisonsisillustrated by the gradua acceptance of airport project financing by means of
direct passenger charges. The Anti Head Tax of 1973 outlawed passenger taxes if an
arport recaives federa funds. This prohibition was modified in 1990 to dlow limited and
constrained Passenger Facility Charges for projects that improve aviation system capecity.
The maximum fee has recently been raised as part of AIR-21. In 1994 Congress added to
the dtrictures placed on airport operators which prevented the use of airport funds for nor+

aviation purposes.

State and Regional Decision Making. ISTEA extended the urban process requirements
to statewide planning. The Department issued regulations requiring a statewide
transportation planning process as a condition for receiving federal surface trangportation
finandd assdance. States had to develop along-range plan and a shorter term Statewide
trangportation improvement program, ensuring that transportation planning included rura
areas and was coordinated across the state. TEA-21 extended these provisions by
reguiring the statewide planning process to include local eected officids.

Congress has dso gradudly expanded the number of states administering state block
grants under the Airport Improvement Program from an initid threein 1990 to ten by
2002.

DOT and EPA frequently respond to requests for assistance from locdlities by sharing
information from other regions of the country or by providing directed assstance to
regiond decison making processes. When mulltiple jurisdictions face decison
difficulties as aresult of competing agendas, DOT helps convene and facilitate discusson
among theinvolved parties.

In many regions, regiona harbor committees conssting of ship operators, port and
termina operators and the various state, local and federal agencies with respongiilities
for marine trangportation have been formed to address issues of common concern. While
mogt of these were originaly formed for safety and environmental protection purposes,
their mandate has been greetly expanded to discuss and reach consensus on awide range
of port and marine transportation planning, development and oversight issues.

National Decison Making. Nationa decison making, in generd, influences resources
and processes of loca decision making and determines conditions under which the
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federa government becomes an active partner in operating or building a component of
the transportation system. Legidation, authored by Congressional subcommittees, which
is frequently modally and project specific, provides the authority and funding for nationa
decisons. The U.S. Department of Transportation, working with other federal agencies,
operates within its legidative authorization to provide resources for maintenance and
expangion of the nation’ s trangportation networks; provide information through technica
assgtance, facilitation, experimentation, and research; ensure that nationd god's of
safety, environmenta protection, economic development, and nationa defense are met;
act as an advocate for U.S. transportation; and increase the market’ srole through
deregulation.

Federd support of experimentd transportation decisions — such as innovative finance and
congestion pricing experiments — expands options for other members of the enterprise.
Research supported by DOT, Environmenta Protection Agency (EPA), the Department
of Energy (DOE) and others helps document successful decision making processes and
supports technologica innovation.

The investment decisons of DOT and the Department of Defense determine the
operating conditions of the nationd air traffic control system, the ports, and the
waterways. Environmenta impact regulations developed by DOT and EPA minimize
trangportation’simpact on air and water qudity through the loca and state trangportation
plans. Investigations by the Nationa Transportation Safety Board document incidents
that compromise safety and result in recommendations to improve safety procedures and
rules.

DOT and the Department of State act as advocates for U.S. transportation interests in the
globa trangportation system. Internationa trade agreements expand the horizons of the
U.S. transportation industry and provide better service to consumers while raisng safety
and competitive chalenges.

DOT receives input, advice and recommendations on its work from individuas and the
private sector using awide variety of methods. The regulatory process entalls a
subgtantiad, formaized process of comment and review from the public. Therearedsoa
sgnificant number of formally chertered advisory councils such asthe RTCA, ITS
America, and the Marine Advisory Council. Air-21 establishes an expanded Aviation
Management Advisory Council that has respongbility for overseeing the adminigration,
management, conduct, direction, and supervison of the air traffic control sysem. DOT
a 30 seeks the views and share knowledge with individuals, companies, and trade
associations through non-formal processes.

Private Sector Decision making

Trangportation was economically regulated in the past to ensure equity of access and
mohbility using control of entry and exit, rates and earnings, and conditions of service.
Over the past 25 years, national transportation policy has changed to favor competition
over regulation. In each of the past three decades, bipartisan mgorities have approved
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deregulation legidation. Federad economic regulation has increasingly been reserved for
magjor market failures or broader socia purposes. Mogst recently Congress, as part of
AIR-21, required the gradua eimination of operationd dotsa New York’s LaGuardia
and JFK airports and Chicago O’ Hare. Congress has also mandated that airports where
the mgority of passengers are served by just one or two carriers must develop and file
competition planswith DOT prior to applying for the expanded passenger facility charge.
In the sphere of project financing for air traffic modernization AIR-21 now permits up to
ten projects to be funded through a demonstration matching program that expands the
sources of non-Federal funds to both airport sponsors or joint ventures between an airport
and one or more carriers while limiting the federd contribution sze and maich. The
principa rationade for the limited remaining regulatory structure isto protect competition
and the interests of consumers.

Asaresult of nationa regulatory reform on air and surface transportation, digtinctions
among sarvice providers -- airlines, motor carriers, package express cariers, air and
surface freight forwarders, and agents-- have blurred for transportation users. Single
service providers can now hold different responsihilities on different sesgments of atrip.

In generd, private sector companies seek to maximize profits through their individua
decisions about investment and operations. They compete in the partialy regulated
marketplace, both domegticaly and internationaly, with producers of smilar products
and services who must meet smilar sandards of public hedlth and safety, environmenta
quadlity, and compstitive practices.

The FAA asamodd regulatory agency isin the process of reengineering its and the
private operators respective roles. Air traffic management is shifting from a centralized
command and control hierarchy to a more demand responsive and collaboreative service
modd. One example of this agpproach has been the testing and subsequent nationd
implementation of Collaborative Decison Making (CDM) which enables private sector
firmsto make individua scheduling decisions that affect their services and passengers.
Concelved in the mid-1990s the approach incorporates both new operational procedures
and decison support tools for managing the ground delay programs implemented by the
FAA to minimize inflight delays. The prototype operations were initiated in January

1998 at two mgjor hubs. After a successful period of testing and evauation the system
was implemented nationally in September 1998. Airlines confer four times aday with
the FAA in order to set and adjust their schedulesto reflect the latest information. Under
CDM the FAA setstargets based on the latest westher data, shares thisinformation with
ar carriers who each decide how to best deal with the expected congtraints.

The providers--airline, trucking, bus and shipping companies--decide, on the basis of
expected market returns, on the services, routes, prices, and quality of service to produce.
The users—-individuas and companies--decide which carrier and services to purchase
from competing producers. The available choices and decisions are constrained by the
geographic digtribution of homes and business, which influence the available

transportation facilities and services for the users demand.
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L egislation

I mpact on Decision making

Deregulation:

1976--Railroad Revitdization and Regulatory Reform Act of 1976 (4-R Act)

1977--Air Cargo Deregulation
1978--Airline Deregulation Act of 1978
1980--Motor Carrier Act of 1980
--Staggers Rail Act of 1980
--Household Goods Transportation Act of 1980
1982--Bus Regulatory Reform Act of 1982
1984--Shipping Act of 1984
1986-- Surface Freight Forwarders Deregulation Act of 1986
1994--Trucking Industry Regulatory Reform Act of 1994
--Federa Aviation Adminigtration Authorization Act of 1994
1995- - Interstate Commerce Commission Termination Act of 1995
1998--The Ocean Shipping Reform Act of 1998

Bipartisan legidation enacted in each of the past three
decades codified a new regulaory principle that
competition isthe best regulator of trangportation.
Federal economic regulation hasincreasingly been
reserved for mgjor market failures or as atool to pursue
broader socia purposes.

Consequently, the decision making process covering
entry, exit, control, pricing, and quaity of service has
been reinquished by the federd government and turned
over to the carriers and their customers.

In return for economic freedom, the federal government
has more stringently enforced safety standards.

Reauthorization:

1991--Intermoda Surface Transportation Efficiency Act of 1991 (ISTEA)
1998-- Transportation Equity Act for the 21% Century (TEA-21)

2000 — Aviation Investment & Reform Act for the 21% Century (AIR-21)

ISTEA provided an investment framework where the
federal government works with state and local
government through stronger planning requirements, and
unprecedented flexibility to State and locd officiasto
help assure that trangportation investments meet the
needs of particular communities. TEA-21 continues and
srengthens the proven strategies of ISTEA.

AIR-21 provides a 3-year authorization for the FAA to
increase aviation system investment to $40 billion with
emphasis on modernization of arr traffic sysem
management and airport construction projects.




CHAPTER THREE

CHANGING ISSUES AND CONCERNS

I ntroduction

In the 2025 visoning sessions that were held to gather stakeholder views, hundreds of
individuals from industry, academia, government, and other groups discussed the issues they
believed were mogt likely to influence trangportation over the next 25 years.  The factors most
often mentioned were:

Globdlization and Other Economic Changes,
Changing Population and Development Patterns,
Growth in Passenger and Freight Travd,

New Technologies,

Environmental Concerns,

Energy Prices, and

Trangportation Infrastructure Financing.

These are the mgjor societa issues that seem likely form the background for transportation
decison making for the foreseeable future.

Economic Changes

In 1975, the base year for the datain Trends & Choices, the nation was just emerging from a
recesson. The country suffered three additiond recessions after that: in 1979, 1981-1982, and
1990. The U.S. economy has grown unabated since 1991, providing the longest economic
expanson in U.S. history in February, 2000 — 107 months without recession. Economic
globalization has become the dominant force in the world economy. U.S. exports and imports
grew from 13 percent of the U.S. economy in 1975 to 30 percent of the U.S. economy in 1999.
Better and chegper trangportation and communication have been amgor force in facilitating this
growth. The generd forecast isfor continued globdization and economic growth in the
foreseegble future. Of course, some economic downturns will likely occur over the next 25
years. But future growth will be more dependent on, and will increase the need for, more
efficient, more reliable, and safer trangportation.

Over the past 25 years, the economy has shifted from heavy industrid production to knowledge-
based business, service, and light industry. Despite this rdlative shift, as well as absolute
declines in some sectors, the transportation system anticipates expansion to accommodate
transportation of an increasing number of shipments. As a nation, we continue to consume more.

Economic activity is no longer concentrated in afew areas. The traditional manufacturing
centersin the Northeast and upper Midwest have suffered a relative decline as new growth
occurs in the South, Southwest and Pacific states. This was a particularly sgnificant
phenomenon for transportation as the exigting trangportation infrastructure was planned for an
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economy with mgor industriad centersin the Northeast and Midwest. To the extent that origins
and dedtinations for freight traffic change, corresponding capacity changes in transportation may
be needed.

The anticipated increase in foreign trade will require improvements to the capacity and
throughput of many ports and to intermodal connectors. Moreover, the growth of foreign
sources and destinations of goods as well as increases in e-commerce may result in additiona
changes to locations of economic activity not well served by the existing trangportation system.

Changing Population and Development Patter ns

By 2025, according to the U.S. Census Bureau, the nation's population is expected to grow from
274 million in 2000 to 335 million people— a 22 percent increase in only 25 years. The grestest
growth would be concentrated in the metropolitan regions of the South and the West. Cdifornia
is projected to hold half again as many people asit does today, as would New Mexico, Hawaii,
Arizona, and Nevada. In contrast, lowa, Ohio, Pennsylvania, and West Virginia, are projected to
grow by lessthan 5 percent.  The transportation system may have over-capacity in the older areas
of the country and insufficient capacity in the higher growth aress.

Twenty percent of the population will be over 65 years of age. This twenty percent --the 70
million baby boomers who will begin to retire in large numbers by 2011--will be more affluent
than any previous generation, and is expected to place greater demands on the transportation
system. The sixty percent of the population between 18 and 65 in the year 2025 will be working
in an information and service economy that transcendsthe “9 to 5" work schedule. Many people
are expected to be working out of their homes or beginning and ending shifts at staggered
intervas. These changes would esse traditiona rush hours but would place additiona burdens on
exiding public trangt systems and hamper the use of traditiond ridesharing.

Growth in Passenger and Freight Trave

The last quarter of the 201" century produced growth in most areas of transportation in the United
States. By 1997, the US transportation network was supporting 4.6 trillion passenger miles of
travel, an 84 percent increase from the 2.5 trillion passenger milesin 1975. Vehicle miles
traveled (VMT) and aviation passenger enplanements doubled in the 25 years from 1972 to

1997. Thisgrowth is attributed in part to an expanding economy, higher consumer income,
gregter vehicle availability, reduced travel cogts, and increased population. Trangt and Amtrak
grew more modestly. Trangt trips grew from about 7 billion trips ayear in 1975 to 9 billion trips
at the end of the century, gtill lower than the 10.5 billion trips ayear in 1964 when the

predecessor of the Federa Transt Administration was created. Amtrak ridership grew from 17.4
million passengersin 1975 to 21.5 million passengers in 2000.

Freight travel has shown significant gains. 1n 1997, over $7.9 trillion worth of freight traveled
3.9trillion ton miles. This compares with $1.6 trillion dollars of freight and 2.3 trillion ton miles
in 1975. Domedtic air cargo shipments trebled. The practice of containerized shipping and
surface trangportation has improved and increased shipping across the transportation modes.
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Many companies increased the efficiency of production, storage, and shipping practices as the
economy grew in the late 20" Century. The shift from warehousing to “just-in-time” delivery
places a sgnificant burden on the reliability of the trangportation network. The emergence of e-
business also increases the pressure on trangportation networks because inventories and
consumers are more dispersed.

The freight industry has made great strides in improving intermodal connections, developing
more efficient rail/truck/maritime networks and aviation/truck systems to accommodeate different
shipping needs and provide better service. Initiatives to reduce air traffic delays, reduce
paperwork for motor freight carriers, streamline cross-border shipments, track freight by GPS,
and other improvements in domestic and internationa shipping will continue to improve the
productivity of the freight transportation network.

All indications are that freight and passenger trangportation will continue to grow, requiring
more efficient and long-lasting repairs to existing infrastructure, better demand management to
improve the efficiency of exising systems, improved safety approaches and techniques and,
where gppropriate, new trangportation infrastructure.

New Technologies

The chdlenges of growth may be met by new and emerging technologies. In the last decade,
computers, telecommunications, and other advancesin science and technology have draméticaly
expanded the range of technologies which mitigate trangportation problems such astraffic
congestion, air pollution, and safety, in better and cheaper ways.

Theworld of transportation is dowly merging with the world of communication. The
implementation of Intelligent Trangportation Systems technologies isimproving safety and
mobility. This progress depends heavily on communications technology as seen in automated
callison avoidance, commercid vehicle senang, and in-car navigation sysems. Rail and
highway trangportation are achieving greater efficiency through the Globa Postioning System
(GPS). Ships and planes are applying GPS to supplement or replace older navigational systems.

New materials and technologies are being incorporated in the congtruction of automohbiles. The
prototype vehicles developed by the Partnership for New Generation of Vehicles feature
lightweight sheething, innovative hybrid-eectric propulsion systems and regenerative braking.
Such technologies have made their way to the mass market in commercialy available vehiclesin
Japan and the US.

The emergence of the field of nanotechnology (the building of devices and materids at the level
of atoms and molecules) opens anew world of possible technology applications and lighter and
stronger materias. For example, nanotechnology could alow for self-heding pavements which
would prevent cracks and other road damage.

These are exciting developments, but they are not without potentia problems. One troublesome

factor isthe cost of developing, testing and implementing new equipment and procedures using
advanced technologies. Another Sgnificant issue isthe cost of moving new technology into the
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trangportation marketplace. New products must be cheaper to produce and provide better service
to have a sgnificant effect in the transportation marketplace.

Advances in computer and communications technology -- such as telecommuting and e-
commerce -- may mitigate the need for some transportation capacity improvements, as noted
above. Telecommuting by individuas may reduce persond travel for commuting but it is not at
al dear whether totd individud travel will be reduced. Reductions in the number of individua
work trips may encourage individuds to move away from their place of work, thus limiting their
ability to use public trangt or form acar pool. E-commerce internet purchasing may reduce
individuas' trips to stores—but such reductions may be offset by a corresponding increasein
home package ddlivery. The net effect of e-commerce on vehicle milestraveled is not yet clear.

These same advances in science and technology have driven change around the world in dl
aspects of society — accelerating the pace of work, rates of change, and increasing the complexity
of business, hedth and socid issues. Whether changes are issue-driven -- asin the need for
cleaner and more efficient vehicles -- or technology-driven -- asin the availability of Globa
Postioning System data for trangportation applications—they are having a profound effect on the
way transportation looks and operates, the way people useit, and the possibilities for solving
current and future problems.

Environmental Concerns

Transportation has a significant impact on the environment. It isamgor source for emissons of
ar pallutants, notably carbon monoxide, volatile organic compounds, and NOy. The net effect of
aggressive transportation emission regulations has been a dramatic reduction in emissons and
measurable improvement in ar quaity in the nation. Future improvementsin ar qudity will
require decisions about how clean citizens want the air to be and how much they are willing to
spend to make it cleaner.

The trangportation sector accounts for two-thirds of the nation’s oil use. Transportation affects
water qudity, usudly in the form of surface water and groundwater contamination through
accidentd ail spills, pipeline leskage, and leskage of above ground and underground fuel storage
tanks. Trangportation directly affects water quality through runoff from streets and parking lots
and through the improper disposa of used motor ail.

Trangportation aso contributes to globa warming -- the warming of the earth’s dimate
associated with a buildup of greenhouse gases. The amospheric accumulation of greenhouse
gases could have wide-ranging and important effects on globa climate systems, some for better,
some for worse. Although there is till considerable uncertainty regarding the possible
meagnitude and digribution of effects, there islittle doubt that human activity, induding foss|

fud use for trangportation, is contributing to increased atmaospheric concentrations of greenhouse
gases. Inthe U.S,, transportation accounts for about one-third of carbon dioxide emissons, or
about 26 percent of total greenhouse gas emissons.

Following the 1992 UN Framework Convention on Climate Change, in 1997 the Kyoto Protocol
was adopted by the Convention. Though it has yet to be ratified by the U.S. Senate, the protocol
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cdlsfor reductions for the U.S. to reduce GHG emissions by 7 percent compared to 1990 levels
in the 2008 to 2012 timeframe. The trangportation sector would have a very difficult time
meeting its needed reductions as CO2, a byproduct of fossil fuel combustion, can only be
reduced by burning lessfossl fud, by traveling less or by improving energy efficiency. The
Adminidration’s proposed strategy emphasizesimproving efficiency and fostering market-based
emissonstrading.

Air and water qudity issues will continue to present chalenges for the trangportation enterprise
over the coming decades. While technology and land use changes may offer some solutions,
environmental concerns are likely to affect trangportation decisons for the foreseeable future.

Enerqy Prices

The availability of low cost petroleum for transportation is an important consideration.

Petroleum use is ubiquitous in transportation because it is readily available, easily extracted,
shipped, and transformed, has excellent combustion properties, and islow cost. When the first
Trends & Choices report was prepared, energy costs of driving averaged 12 centsamilein the
United States. In the intervening years, the drop in fuel costs coupled with dramatic changesin
fuel economy and the way petroleum is used lowered that cost to just over 5 centsamile. Inthe
fira haf of the year 2000, gasoline prices spiked, raising concern about the impact higher fuel
prices would have on the economy. However, even with pump prices currently over $2.00 a
galon in some aress, driving cogts less per mile than in 1975, about 8 centsamile.

It is possible that the redl price of petroleum will rise over the next 25 years compared with the
extremdy low prices of the 1990s. Market responses will result in more efficient methods to
process petroleum as well asincentives to find aternative raw materials. One chalenge before
the transportation enterprise isto use the current period of abundance to explore other fue
sources and actions that could be taken to ease any trangtion to different fuels.

Transportation I nfrastructur e Financing

Tota expenditures for trangportation have grown sgnificantly in red terms over the last 25
years. For example, from 1982 to 1994 tota transportation expenditures in constant 1987
dollars grew from $72.2 billion in 1982 to $97.8 hillion in 1994, a 35 percent increase in red
terms. Transportation infrastructure expenditures, again in constant 1987 dallars, grew from
$32.4 billion to $46.7 billion, ared increase of 44 percent.

From 1982 to 1994 dtates were the greatest source of transportation revenues from user charges,
taxes and fees followed by federa and locad governments. As a proportion of total trangportation
revenues, Sate revenues declined over this period from 55 percent in 1982 to 50 percent in 1994,
while federa revenues increased from 23 percent to 29 percent. Loca revenues remained
relatively congtant as a percentage of tota transportation revenues.

Theresultsof these expenditures have been Sgnificant. Theinterstate highway system has

essentially been completed, numerous trangit systems rebuilt and modernized, ports and inland
waterway's deepened, airport capacity expanded, and rail right-of-way modernized. However,
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given the condition of much trangportation infrastructure and the likely and desired expansion of
the economy, the issue of paying for infrastructure and maintenance improvements is expected to
remain amgor chalenge over the next 25 years as transportation spending competes with other
gpending needs. Grester reliance on state, loca and private funding sourcesislikely and aswell
as more prominent use of innovative project financing mechanisms such as loans, loan

guarantees and lines of credit. Expanson of federd transportation trust fund mechanisms, new
user fees, and the consolidation of trangportation trust funds could provide additiond funding.
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CHAPTER FOUR

DECISION MAKING FOR THE FUTURE

The process for making decisions become increasingly important as the transportation enterprise
becomes more complex. Because the trangportation enterprise is composed of multiple
organizations with multiple gods, no single organization has direct responshility for the whole

or even amgority of the enterprise. This meansthat strong, effective leadership is necessary at
al levels of the transportation enterprise; from federd, state, and loca government, from
industry partners, transportation operators, and end- users.

Decisions on the complex issues facing the trangportation enterprise are circumscribed by awide
variety of exiging conditions. They are limited by laws, regulations, policies, and finances;
driven by inditutiona arrangements; focused by financid, cultural and ethicd imperatives, and
expanded or congtrained by available technologies.

Choices available to the trangportation enterprise have changed over the last 25 years. Economic
deregulation over the past two decades provided increased freedom for the private sector.
Smilarly, the devolution of many transportation programs from the federal government to lower
levels of government and the private sector has changed the context for many decisons.

Equdly important, globdization has broadened the effects of decisions, and a greater concern for
environmental consequences of transportation has precluded some investments that might have
been madein earlier times. Also, new technologies dlow choices that were either smply not
avalable or infeasible afew years ago.

Framing The Discussion

To structure discussions about aframework for transportation decision making, a series of questions, including those
below, were posed to participantsin 2025 Visioning. The questionsrelate to how the transportation enterprise
organizes and manages its work, makes intermodal decisions and establishes effective feedback mechanisms.

How can the Transportation Enterprise -- comprised of many assets, participants and actions and over
which no single member has complete control -- reach and implement decisions that will have the optimal
effect on this enterprise?

How does the transportation enterprise balance individual choices and market forces with broader social
goals?

How does the transportation enterprise, from anational and international perspective, monitor the
performance of the system as awhole?

How should the transportation enterprise make investment decisions?

How can the transportation enterprise increase its capacity to learn from past decisions and current
experiences and identify new opportunities for making informed decisions about the future?

How does the transportation enterprise foster a climate for transportation innovation?
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Factorsfor Effective Transportation Decison M aking

The Policy Architectureis a very general architecture—it is a declaration of principles.
Secretary Rodney Sater, DOT Policy Architecture Forum

Through legidative and regulatory changes over the years, the transportation enterprise has
moved towards a more sound decision making process. This process is more participatory and
collaborative, balanced, multimodd, flexible, informed, financidly sound, and supported by an
effective workforce. These factors, as described bel ow, are the building blocks for an effective
policy architecture. Participantsin the 2025 Visoning Sessions reminded DOT that the
chdlenge isto continue the evolution towards effective leedership in decison making at dl
levels of the transportation enterprise to ensure a safe, balanced, relidble, effective, and efficient
trangportation system. Some of the views of the participants in these meetings are presented
aong with abrief discusson of theindividud idess they lead to.

A halistic approach anticipates problems and brings together all of the interested partiesto
come up with solutions. Larry Susskind, DOT Policy Architecture Forum

Participatory and Collaborative. All stakeholders should have the opportunity to
participate in the trangportation decison making process. Decision-makers should
affirmatively and clearly establish participation in the process.

Trangportation decisions should reflect the needs and interests of the diverse population and
industry. The god isto reduce barriers to collaboration across disciplines, ingtitutions, and
socid structures.

+Every decision should consider the tradeoffs and interrelationships between and among

elementsin the system. 2025 Visioning
Session

Balanced. A transportation decision making process should foster an appropriate balance
among individua choices, industry forces and societdl gods, and between nationd gods and
regiond, locd or individua needs.

To be effective, decision making within the trangportation enterprise must weigh the tradeoffs
among competing interests, views and goals. Decisons that are made without sriking an
acceptable balance may result in discriminatory policies, ineffectud actions, or objectionsto
implementation. Such outcomes would weaken the process, reduce the confidence of othersin
the decison makers, and thresten the success of future policy development.

A package can travel more seamlessly than a person.
2025 Visioning Session

Multimodal. The trangportation decision making process should focus on multimodal
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system-wide aspects of the trangportation enterprise rather than any single transportation
mode.

While some trangportation operations have become steadily more multi-modal, modal- specific
organizational structures and funding sources cortinue to present barriersto a truly multimodal
perspective.

We live in a society with a large number of competing interests.
2025 Visioning Session

Flexible and Rapid. The transportation decision making process should be flexible in
anticipation of unpredictable and unforeseen events or changes and adaptable to
accommodate these events and changes quickly.

It isimpossible to anticipate and plan for al future events and changes that could affect
trangportation. Events, some potentidly highly significant, will occur in the future that the
trangportation decision making process has not anticipated. The transportation decison making
process must be flexible to address these changes and adaptable to accommodate them within the
decison making structure.

We have not agreed on the metrics to use to measure the progress of the transportation
enterprise. 2025 Visioning Session

Informed. A transportation decison making process should be informed by neutrd facts,
impartia andyss, and expert opinion. Performance measures and enterprise-leve planning
are needed to assess the effectiveness of the whole trangportation system, and evauate the
effectiveness of decisons and investment tradeoffs.

Many historical decisions have been come about because of substantive analyses employed to
measure their impact. For future decisionsto enjoy asmilar grounding, the trangportetion
enterprise should fogter credible, professona andysis and unbiased technicd information on
transportation options usng a sysem-wide perspective. Effective feedback mechanisms are
necessary to assess the impacts of choices.

Habits are hard to change. Only a new habit -- or hitting rock bottom -- will change an old one.
2025 Visioning Session

Innovative. The transportation system must be able to respond to the changing world
quickly, effectively, and economicdly.

Innovation in decision making encourages flexibility and responsiveness to change, induding the
ability to adapt to new and unexpected demands, the creation of an entrepreneuria culture within
an organization or decison making body and promotion of a climate for innovation to speed
movement of new ideas and products into transportation practice.

For an option to be viable, it hasto be financially feasible.
2025 Visioning Session

24



Financially Sound. The enterprise must make responsible investments and be aggressive
and innovative in identifying funding sources.

With potentid changesin funding sources as well as increasing demands, adequiate financing for
trangportation --both public and private sector--may be one of the Sngle most important issues
facing the trangportation enterprise over the next 25 years.

Change the way we market transportation careers.
2025 Visioning Session

Workfor ce Effectiveness. The trangportation system of the 21% century requires workers
skilled in arange of disciplines.

At the close of the 20" Century, onein every eight jobsin the U.S. was related to
trangportation. As trangportation services and equipment become infused with new

technol ogies and new appreciation of the manner in which transportation serves its many
purposes and publics, the requirement for education and training will increase. Appropriate
strategies for adequate workforce development include better training at the basic and
gpecidized leves and grester investment in education as well as building apool of

candidates for trangportation employment. Aggressive recruitment and broader marketing of
transportation careers will be required to attract people to keep the system operating
effectively and readily able to meet its chalenges.
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CHAPTER FIVE

STRATEGIESTO SUPPORT A CHANGING ENTERPRISE

The transportation enterprise can choose from a variety of strategies to move towards a more
effective decison making process. The Department’s Vison 2025 sessions engaged awide
variety of stakeholdersin the trangportation enterprise concerning their vision of the future and
grategies for supporting the enterprise in thet future. The responses covered awide variety of
policy options--some involved radical change while some are more incrementd. The drategies
outlined below synthesize the suggestions received and present a menu of choices.

Strategies to Foster Participation and Collabor ation

Trangportation decisons should reflect the needs and interests of diverse populations and
indugtries. Since the enactment of ISTEA and TEA-21, surface trangportation public investment
decisons require a comprehensive plan thet reflects public participation. The federa

government recently strengthened participatory processes by expanding the concept of
environmenta justice so al segments of society may receive the benefits of trangportation and no
one segment of society bears the adverse impacts of transportation disproportionately.
Information sharing is crucid to maximizing participation and ensuring that new entities and
organizations can understand the decison making process and how to influenceit. For any given
decison, accountability and participation in the process require identification of the problem to
be addressed, specific procedures to be followed, those who will make the final decision, and dl
stakeholdersin the outcome. For transportation to continue to contribute to economic prosperity
and socid cohesion, the process should not hinder desired change, but should encompass afull
aring of dl the views and careful consderation of the full impact of decisons. Suggested
drategies for public participation and collaboration include;

Expand the decison making process to include al stakeholders

Develop and use techniques for consensus building and conflict resolution.

Improve information sharing and coordination among state, locd and federd
trangportation agencies and the private sector.

Use new communications technology to increase the informetion available, facilitate
collaboration and improve participation.

Expand the use of public/private partnerships to further collaborative approaches.
Develop and use an open process with clearly established procedures to be followed,
enumeration of the decision to be made, and identification of the decision-maker(s).

Strategies To Foster A Balanced Approach

Trangportation decision making process should have the ability to balance competing needs and
thereby create “win-win” solutions. The needs and concerns of dl individuads and groups must
be taken into account. The federal government fosters national goals while recognizing that
dtates and localities can better address regiond and loca gods. Loca decison makers face
baancing the trangportation needs of individuals and nelghborhoods with the development god's
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of the whole community. Asone example, Vision 2025 participants expressed concern that the
trangportation enterprise was not fully incorporating the concept of sustainability—to meet the
needs of the present while not compromising the ability of future generations to meet their needs.
In the future, the U.S. will increasingly face choices in responding to globa concerns. A
balanced approach should:

Accderate the integration of trangportation planning with commercia concerns
(economic and residentid development, trade, etc.), with environmenta concerns (air,
water, noise, light, land use, species, sustainability, etc.), and with health care and socid
concerns (pollution, safety, access, mohility, environmenta justice, etc.).

Apply amulti-disciplinary approach to state and loca policy, planning and
implementation.

Integrate sustainability with economic development and mohility evauations.

Develop improved techniques to address environmenta justice issues.

Improve global transportation connections and related supporting U.S. transportation
improvements.

Strategies To Foster M ultimodalism

Market demand increasingly calls for amultimoda approach and more effective intermodal
connections to ensure seamless services. The technology and organization of freight
trangportation, in particular, has encouraged shippers and carriers to consider trangportation from
an intermodal perspective, but in the public sector most transportation actions are ill taken on a
mode by mode basis. Theintegration of information sysems into the heart of the freight

indugtry, rather than the traditiond trangport functions dominating the industry’ s sructure and
processes, has transformed a fragmented industry into a powerful and efficient enterprise. The
freight industry sets a powerful example for passenger modes to consider in meeting the total
service needs of their clientele rather segmented transport services.

Public sector transportation organizations face a unique chalenge in adapting their

organizationd structures due to the large number of stakeholders with vested interestsin
different components of the organizations. Asaresult, some public sector trangportation
organizations are behind the private sector in organizing in an integrated way. Many state DOTs
are organized primarily to build highways and do not adequately support other transportation
mode choices. The U.S. Department of Trangportation structure does not reflect the multimodal
manner in which trangportation services occur. In the absence of sgnificant organizationd
restructuring, the ONE DOT approach seeks to promote solutions thet transcend the existing
modal gpproach. Vison 2025 participants caled upon the enterprise to recognize that all
member decisons take effect in amultimoda market environment. They dso emphasized the
need for Strategies that encourage a more unified, comprehensive consderation of transportation
issues. Multimodd drategies include:

Implement multimoda organizationd sructuresfor U.S. and state DOTSs and open
specidized moda agencies such as airports, toll authorities to explicit cooperation and
collaboration.

Establish atransportation enterprise planning process.
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Implement common multimoda procedures for transportation project eva uation.

Work to reach consensus on performance measures and standards.

Remove barriers to the formation and operation of multimodd private transportation
companies.

Replace sngle mode advisory committees with multimoda committees where
gopropriate and consider establishing a standing committee to address multimodal issues.
Collect and use transportation data on amultimoda and market bass.

Strategies To Support More Flexible and Rapid Decison Making

Changing issues and the participation of diverse stakeholders will require a decison making
process that is more flexible and able to adapt to these changes. At the same time, economic
globalization, growth and technological innovation will require more rapid decison making.
Minimizing rigid rules and procedures and acceptance of new approaches will be essentia to
foster amore flexible and rapid decision making process. Strategies to advance the flexibility
and pace of decison making include:

Streamline regulations and procedures to speed up decisions and smplify processes.
Change decison making processes to include congderations of uncertainty and risk.
Undertake pilot programs to demonstrate new gpproaches to decision making.
Foger aclimate of urgency, flexibility and experimentation;

Strategies To Support | nformed Decisonmaking

An informed decision making process requires that participants have access to sound information
about theissues a stake. 2025 participants al so emphasi zed the importance of periodicaly
ng the impact of transportation decisons.

Identify emerging issues and anayze the impact of policy options on users and other
groups affected by system changes.

Integrate scientific and technical andyssin policy didogues.

Collect reliable and comprehensive multimodal transportation data.

Forecast trends.

Edtablish standard measures for evauating the transportation enterprise.

Anadyze the performance of the nationa transportation system.

Evauate the results of implementation of policy options.

Fogter the establishment of effective feedback mechanisms across the transportation
enterprise including customer preferences and behaviora responses.

Strategies To Foster 1nnovation

Investing in a climate of innovation ensures that innovative ideas are explored, researched,
developed or deployed where they are more effective than existing approaches. Encouraging
regions to experiment with different transportation processes alows enterprise membersto learn
from multiple experiments and select approaches that work best. Technology can increase the
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flexibility of both new and exidting investments, helping the system operate more efficiently and
serving more people in a safer, cleaner, faster, and more accessble way. Government members
use collaborative strategic planning to identify nationa and transportation-specific needs for
research and development, provide policy direction and establish adminigtrative-level program
management, and cost-sharing. Industry members, in addition to providing views on aress of
need, compete for contracts, lead the research and devel opment, and produce and market the
results. This public/private partnership approach produces market viable results a a reduced
cos. Strategies to maximize returns on technology investments included:

Edtablish aggressive gods that challenge the enterprise to find new technologica
solutions.

Conduct R&D on drategic gods on a collaborative basis.

Egtablish pilot programs to test transportation Strategies in limited geographic areas that
have potentid trandferability to nationa policy.

Provide regulatory waiversto dlow testing of innovative idess.

Increase and diversfy research and development financing sources.

Support research and development of new technologiesin the private sector.

Strategies To Foster Sound Financing

To meet future investment needs, the enterprise should examine existing and potentia funding
sources that are adequate, reliable, and equitable. While only the expected value of return limits
the private resources available for investments, prevailing political and economic conditions
congtrain public investments. For the private sector, some members of the transportation
enterprise have expressed concern about their ability to compete with other investment choices.
Trust funds, supported by fud taxes, fund most federd and state transportation programs. Trust
funds are relatively equitable and dependable. The flexibility to use trust funds for different
modes of trangportation has expanded. However, dramétic improvementsin fuel economy and
development of non-fossil fud energy sources could limit the future revenues from fud taxes.
User fees can help finance many services, but public perception of transportation asa“freg’
good, aswell as nationd concerns about equitable mobility, limit the expanson of such fees.
Strategies for meeting the financing needs include:

Expand flexibility in uses for trust fund revenues across transportation modes.

Establish aunified trust fund for public sector transportation investments.

Allow states to experiment with unified trangportation funding.

Expand innovative financing mechanisms such as TIFIA and RRIF for blending private
and public capital money.

Charter selected public functions and agencies as performance-based organizations
financed by discrete user fees.

Remove legidative and regulatory barriers that limit transportation agencies from pursuing
entrepreneuria gpproaches in generating revenues from their operations.

Continue to encourage the privatization of government transportation activities that would
be operated better by the private sector.
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With much of the nation’ s trangportation infrastructure largely completed, atention is focused on
preserving, maintaining, and increasing the efficiency of that invesment. In the coming years,
the mgjority of funds spent on the trangportation system will be spent on this asset management
function. Moreover, as congruction of new infrastructure becomes more expensive and
environmentaly questionable, the transportation enterprise may be required to focus more
attention on demand management, making the most effective use of existing infrastructure.
Strategies for investment decisions should:

Foster new organizationa arrangements and approaches to asset management.
Assure adequate funding for system preservation.

Increase use of transportation aternatives such as public trangportation, larger planes,
intercity rail, and communications including telecommuting and teleshopping.

Deploy congestion pricing techniques.

Modify evauation procedures to adequately reflect the benefits of system preservation
and sudtainable transportation options such as demand management.

Strategies To Foster An Effective Workfor ce

As the enterprise members expand beyond engineering into managing and monitoring the
system’ s operations, they require workers with backgrounds in operations, systems enginesring,
traffic engineering, economics, political science, finance, psychology, and other aress. Fewer
members of the modern trangportation enterprise expect lifetime employment with asingle
employer or even within a single occupation. Participantsin the Vison 2025 sessons
consstently cited workforce development as amgjor strategy for supporting ongoing changes
among enterprise members. Strategiesinclude:

Continue to examine the changing needs of aworkforce needed to design, maintain and
operate a 21% century transportation system.

|dentify the long-term workforce needs including numbers of people needed and the
necessary skill mix.

Adapt programs and jobsto attract new staff to trangportation jobs and to reflect changes
in the workforce population.

Support and assist college and university programs to develop the next generation of
transportation professonals.

Establish and enhance programs for continuous education and training, including afocus
on new technologies, for trangportation workers.

30



CHAPTER SIX

STRATEGIESFOR
THE U.S. DEPARTMENT OF TRANSPORTATION

Initsrole as steward of the nation’ s trangportation system, the U.S. Department of
Transportation will exercise leadership in addressng the emerging chalenges of the coming
years. DOT recognizes that the federal government done, and in fact the public sector alone,
cannot ensure that the trangportation enterprise will be ready. All participants in the enterprise
are patnersin thisendeavor. DOT will play acriticd rolein setting the direction for the
trangportation enterprise. DOT mugt be vigilant and visonary in determining that the
transportation enterprise is accomplishing its strategic goas of safety, mobility, economic
growth, human and naturd environment, and national security.

Given the complexity of decison making in the transportation sector, DOT playsakey roleasa
leader, facilitator, information provider, educator, mediator and impartia convener, even when
DOT isnot the principal decision-meker. Inthis*“trusted leadership” role, the Department can
contribute to the vitdity of decisons made by others particularly by providing information that
informs nationd, regiona and loca decision makers.

Asapart of its slewardship responsbilities, DOT will continue to make those decisons for
which it isresponsble. DOT is committed to ensure thet its own decison making processes are
ingtituted and operate in away that further improve decison making.

Stewardship is dso accomplished through nationd strategic planning, by setting stretch gods
and by doing some of the long-term/high risk research identified by the transportation enterprise.

To lead the policy architecture process for the future, DOT could implement the following
srategies.

Sponsor nationd and internationa dialogues on mgor, cross-cutting issues to define
issues and foster discussion on the long-term future of trangportation.

Produce “ green papers’ that discuss emerging issues in an objective, impartial manner
that does not prejudge what a response should be.

Disseminate “white papers’ describing proposed policies and programs as issues are
consdered and evauated in the decision making process.

Maintain and disseminate high qudity transportation data.

Establish alegidative mandate for transportation enterprise planning that requires:

Preparing periodic “ State of Trangportation” Reports.

Conducting enterprise planning to evauate the systlem-level performance of the
trangportation enterprise and to identify emerging issues and concerns.
Sponsoring biennia conferences on the Future of the Transportation Enterprise.
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CHAPTER 7
CONCLUSION

To meet future chalenges, the trangportation enterprise is moving towards an increasingly
flexible, multi-modal association of organizations that investsin the creation and operation of
locally and globally responsive systems. The Department of Trangportation and other members
of the trangportation enterprise have begun to change the way they do business. It is clear thet
the way decisons have been made in the past will not suffice for the future. Trangportation
decison making structures will evolve to alow the transportation enterprise to face the
chdlenges of the future,

Strong leadership will be required in managing change and creating a transportation vision to
meet the transportation challenges for the future.

The principa focus of the trangportation enterprise for the next twenty five yearsis ensuring that
the nation’ s trangportation system serves our citizens and supports nationa outcomes of
continued economic growth, enhanced internationa competitiveness, stronger democratic
processes and a secure nation.

In conjunction with strong leadership, a new decision making framework, focusing on
transportation decision making factors and strategies to move towards more effective and
responsive decisions.

The factors for an effective policy architecture are participatory and collaborative, balanced,
multimodd, flexible, informed, innovative, financialy sound, and supported by an effective
workforce. The chdlenge isto continue the evolution towards effective decison making  al
levels of the trangportation enterprise that resultsin amore efficient and effective trangportation
system and supports a system that promotes safety, improves mobility, advances economic
growth and trade, enhances the environment, and advances national security.

The stewardship role of the Department of Transportation can foster improved decision
making across the transportation enterprise.

The U.S. Department of Transportation plays akey role in the transportation enterprise’s
decision making process. Over the past 12 years, the Department has taken steps to move
towards a transportation system that is.

Intermoda in form;
Inclusve in nature;
Internationd in scope,
Intelligent in character; and
Innovative in gpproach

The U.S. Department of Transportation will be caled upon to provide the leadership to meet the
chdlenges of tomorrow. As the decision making environment for transportation continues to
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decentrdize, the U.S. DOT’ strusted |eader ship role becomes one of vision setter, facilitator and
impartid convener, aswell as, providing funding, technica support, and operationd guidance..

This report isintended to energize the participants in the trangportation enterprise to focus on
crucid questions and provide a framework for addressing transportation decison making over
the next twenty five years of change.

By focusing on how decision making needs to change and by making the necessary adjustments,

the trangportation enterprise can rise to the challenge proffered by Secretary John A. Volpe and
be architects — not victims -- of change.
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ACCOMPLISHMENT BOXES

(Thisisnot a separate chapter. These descriptions will be placed in boxes throughout the report
to highlight DOT’ s accomplishments in improving decison making)



ISTEA/TEA-21

The Intermoda Surface Trangportation Efficiency Act of 1991 (ISTEA) authorized $151 billion
over sx yearsfor highways, mass trangt and safety programs. In amagjor breakthrough, the Act
created a surface trangportation program with flexible funding that opened the door to new
opportunities to address statewide and urban transportation problems.

The Transportation Equity Act for the 21t Century (TEA-21), signed into law on June 9, 1998
by President Clinton, built and expanded upon ISTEA policies and programs. TEA-21
guaranteed a record $198 hillion in surface trangportation investment for highways, highway
safety, trandt and other surface trangportation programs from FY 1998 through FY 2003. It
continued al the mgjor ISTEA programs, and added a number of new programs to meet specific
safety, economic, environmental and community challenges.

Although TEA-21 retains the basic structure established by ISTEA, it does include some
important changes. Two of the most sgnificant achievements of TEA-21 are; the guaranteed
funding and the continuation and expangon of the landmark environmenta programs cregted by
ISTEA. TEA-21 dso strengthens the planning requirements, expands the flexible funding
provisions, and places a stronger emphasis on safety. It included some new programs, such as
funding for border crossing and trade corridor activities, to meet pecific chalenges. It continues
gpecid provisions for hiring women and minorities, the Disadvantaged Business Enterprise
requirement, and labor protections such as the Davis-Bacon prevailing wage guarantee.

Marine Transportation System

Today, over 95 percent of goods, by tonnage, entering the U.S. come through our ports and
waterways. Thetota volume of domestic and internationa marine trade is expected to more
than double the next 30 years. Poditive steps are needed to ensure that the marine transportation
system is able to handle these emerging needs and contribute to the security and economic
vitdity of the nation.

The Coast Guard Authorization Act of 1998 required the Secretary of Transportation to prepare a
report on the status of the marine trangportation system and recommendations for improvement.
Under Secretary Sater’s leadership, DOT developed a bold and comprehensive plan to
modernize our nation’s Marine Trangportation System (MTS). The MTS Task Force convened
amog ahundred federd, state, local and private sector participants in the marine trangportation
sector to develop avision for the future, the issues facing the industry, and a course of action.

The god and vison for this system isto be the worlds most technologically advanced, safe,

secure, efficient, globaly competitive, and environmentaly respongible system for moving

people and goods by 2020.

The MTS Task Force extended the ONE DOT commitment of the Secretary and recommended
an interagency committee of dl the federa agencies with marine trangportation responsihilities,
and aMarine Transportation System Nationa Advisory Council to address the different
viewpoints of al the stakeholders and to make recommendations for action. The Secretary has
followed through on these recommendations and established these councils. Officids from the
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Departments of Defense, Commerce, Treasury, Agriculture, Interior and the Environmental
Protection Agency joined Sater in Sgning the Memorandum of Understanding (MOU), which
creates the Interagency Committee for the MTS (ICMTY). This committee is charged with
improving the federd government’ s coordination of MTS-related programs and ensuring that
maritime policies, drategies and gods are congstent with nationa needs.

Open Skies

The Open SkiesInitigtive gives arlines maximum flexibility in structuring ther internationdl
services in response to market demands Under Secretary Slater’ s leadership, the U.S. has
opened more markets and created more opportunities for internationd ar service than in any
comparable period, while providing passengers and shippers more frequent service and lower
fares. Secretary Slater’s historic Chicago conference, entitled, “Aviation in the 21% Century -
Beyond Open Skies Minigterid Conference,” made tremendous progress for these markets.

The U.S. sgned six new “Open Skies’ agreements with Italy, Pakistan, the United Arab
Emirates, Bahrain, Tanzania, and Argentina. Theinitiding in August 1999 of the long-sought
Open-Skies agreement with Argentina brought the tota number to 38. DOT achieved
Open-Skies agreements in nearly every part of theworld: Six in the Asa/Pecific areg, 14 in
Europe, 5 in the Near East/Centrd Asia, and 11 in this Hemisphere.

The dliances have led to amore efficient globd transport market that provides better, more cost

effective service to consumers. Open Skies agreements alow airlines to determine which
markets to serve, which aircraft to use, how many flights to operate, and what prices to charge

Transportation | nfrastructur e Finance and | nnovation Act

The Trangportation Infrastructure Finance and Innovation Act of 1998 (TIFIA) provides Federa
credit assstance to mgjor trangportation investments of critical nationa and regiona importance.
TIFIA, authorized under the Transportation Equity Act for the 21% Century (TEA-21), provides
direct loans, loan guarantees, and lines of credit, ingtead of grants, to private and public sponsors
of mgor surface transportation projects. The program is designed to fill market ggps and
leverage private co-investment by providing supplementa and subordinate capitd.

A totd of $530 million in Federa funding was authorized to pay the “subsidy cost” of supporting
Federa credit under TIFIA. Annua caps totaling $10.6 billion limit the principal amount of
credit insrumentsissued. Any project that is eligible for Federd assistance through existing
surface trangportation programs (highway projects and transit capital projects) is eigible for the
TIFIA credit program. Intercity passenger bus and rail facilities and vehicles, publicly owned
intermodad freight facilities, border crossing infrastructure, and highway trade corridors are dso
digible

Thefirst round of TIFIA projectsin FY 1999 provided $1.6 hillion of credit assstance to

projectsin Cdifornia, the Digtrict of Columbia, Forida, New Y ork, and Puerto Rico to support
$6.5 hillion in trangportation projects. The cost to the federd government was only $61 million.
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TIFIA continues to advance the state of innovative financing for trangportation investment.
Begun with flexible grants and the Grant Anticipation Revenue Vehicle or GARVEE bonds,
these innovative programs have helped finance nearly 200 projects worth more than $13 billion.
For example, the Department’ s credit support for the $2.4 hillion Alameda Corridor project in
Cdifornia helped lay the groundwork for TIFIA. By providing a $400 million loan, DOT isa

minority-share investor in this 20-mile rail express line that will connect the nation’s largest port
complex a San Pedro Bay to the transcontinentd rail network near downtown Los Angeles.

Safety

Highway related fatdities sood at 41,471 in 1998. Secretary Sater has announced agoa of
reducing fatalities to 33,000 by 2008, and an interim god below 40,000 by the end of 2002. To
achieve thisgod, a ONE-DOT Task Force has been formed, with membership from the modal
adminigrations. This group will develop a coordinated package of requests for the Department's
FY 2002 budget submisson, which will consst of a set of complementary programs and
initiatives designed to ensure that the god is reached.

On December 10, 1999, President Clinton signed the Motor Carrier Safety Improvement Act of
1999, which created the Federal Motor Carrier Safety Adminigtration on January 1, 2000. This
new law will get dangerous vehicles off of our highways, save additiond lives and help reach the
god of reducing motor carrier-related fatdities by over 50 percent by 2010.

Through the Department’ s efforts nationwide, seet belt use nationdly rose to dmost 70 percent

in 1998, the highest belt usage rate on record in the U.S. Each year, seet belts are estimated to
save more than 10,000 lives. Through the use of innovative Public Service Announcements, the
Department has increased usage in high-risk populations such as African Americans and Native
Americans.

AlR-21

Wendell H. Ford Aviation Investment and Reform Act for the 21st Century aso known asthe
Aviation Investment and Reform Act for the 21% Century (commonly known as AIR-21) was
enacted by Congress and signed by the President this spring. The act subgtantialy increases the
funds for airport development both through the Airport Improvement Program and enabling an
increase in the Passenger Facility Charge. Congress dso authorized funds for the continued
redevelopment of the air traffic control infragtructure thet is undergoing the most sgnificant
change in technology and procedures in fifty years

AIR-21 provides needed airport infrastructure grants that can result in competitive

access for new entrant carriers acrossthe nation. - A fundamenta premise of the
Adminigration from the beginning has been to provide the modern infrastructure

needed in all modes of trangportation to allow economic growth free rein.

AIR-21 represents a sound first step toward our long-term objectives for modernization
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and gability of the FAA's criticd air traffic services for the nation. Fundamentd,
Sructura improvement of the air traffic control system is needed now to handle the
expanding arline traffic generated by our vibrant economy It will focusthe FAA's
futurein the direction of business-like practices.

The aviation consumer would benefit aswell.  Increased authorizations are contained
in the bill to provide for Department enforcement of consumer protection provisons
under many regulatory provisons, such as those prohibiting deceptive advertisng and
those providing denied boarding protection.

Intelligent Transportation Systems

The Intelligent Transportation System (ITS) program was established by ISTEA in 1991. ITS
represent a next step in the evolution of the nation's entire transportation system by applying new
technologies from computers, eectronics, and communications to surface trangportation systems.
ITS can be gpplied to our vast transportation infrastructure of highways, streets, and bridges, as
well asto agrowing number of vehicles, including cars, buses, trucks, and trains. These
information and communications technologies can also be used to better manage and improve
how transportation providers such as governments, trangit agencies and truckers offer servicesto
the public.

Former DOT Secretary Federico Pefia announced a nationd god of implementing ITSin dl the
magor metropolitan areas by the year 2005. Under the leadership of Secretary Slater, there has
been mgor progress in achieving that god. Indeed, TEA-21 has shifted the focus of the Federa
ITS program from primarily research and operationd tests to a balanced program of research and
deployment support.

Project America

On duly 1, Ingdls Shipbuilding cut thefirg piece of sted that will eventudly become the largest
cruise ship ever built in this country, and thefirgt one in more than forty years. Project America,
asit isknown, isthe result of a number of "firg-evers' including the largest, and most complex
transaction ever completed by the Maritime Adminigration (MARAD). In addition to being a
tremendous chalenge to Ingalls Shipbuilding, to return Americato large cruise vessd
congruction, Project Americainvolves more than $1 Billion in Title X1 loan guarantees,

eclipsng by amost afactor of five our previous largest project. In order to completethis, ina
prescribed time period, MARAD had to create new financia andyses Kkills, Structures, but most
importantly develop close reationships (partnerships) with Ingdls shipbuilding and the

gpplicant; reationships founded on honesty, trust and a genuine business basis.

Garret A. Morgan Technology and Transportation Futures Program

Garrett Morgan (1877-1963) was an African- American inventor whose lifetime of contributions
include the invention of the traffic Sgnd. This technology has been dectrified, then
computerized, but not replaced because the science of its use was both revol utionary and ahead
of itstime.
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The Garrett A. Morgan Technology and Transportation Futures Program serves as a catalyst to
enhance trangportation educetion at al levels by leveraging the Department's current technology,
education, and research programs; and forging public/private partnerships.

The Garrett A. Morgan Technology and Trangportation Futures Program has three goals:
To build a bridge between Americas youth and the trangportation community;

To support the development of improved educationa technology that provides better
ways for people to acquire new skills, and

To ensure that Americas transportation work force for the 21% century istechnologically
literate and internationaly competitive.

By 2000, the Morgan Program will have reached 1 million students.
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TRANSPORTATION TECHNOLOGY BOXES

(Thisis not a separate chapter. These descriptions will be placed in boxes throughout the report
to highlight promising new technologies that are likely to affect trangportation in the future.)
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I nformation Technologiesin Future Transportation

The next 25 years hold greet promise for the evolution of information and wireless technologies
in future transportation. As researchers improve the intelligence capabilities of computers—
particularly the ability to imitate the human process of reasoning — they will become an integrd
support in safety-related decison processesinvolved in transportation. Decisons that include
large numbers of factorsinvolving natura and human processes, such asthose of drivers of
motor vehicles, will benefit from this cgpability. Driverswill carry wireless devices with sensors
that will “read” their surroundings — traffic congestion, road conditions, air qudity, westher, and
compass direction — aswdl asthe driver’sown vitd Sgns. A tiny tranamitter will continuoudy
relay the data back to a command post for analysis by large computers as part of an ongoing,
real-time decison making process of urban transportation. Asaresult, driverswill have many
more options available a an earlier age, improving their chances of avoiding accidents.

I mproving Transportation Efficiency With GPS

Public and private organizations rely on GPS and other technologies to improve trangportation
sdfety and efficiency. The cascade of benefits includes millions of dollars in savings throughout
the economy, enhanced customer satisfaction, and improved air quaity. For example, each of
Denver’s 800 busesis equipped with a GPS-based autometic vehicle location system that reports
the location of the bus every two minutes. Dispatchers have improved their ability to keep buses
running on time by viewing bus locations on computer screens that are fully integrated with

digita city maps. The system is credited with increasing use of the bus system, rdlieving traffic
congestion, and reducing smog.

GPS tracking technology a the American Presdent Line' s Globa Gateway South at the Port of
Los Angees automaticaly matches a cargo container’ s identification number with its location in
theyard. Back at the termina, a computer stores the GPS location and content data for each
container. Using on+board navigeation, drivers can now negotiate the 6,000-gpace holding tank
and drive graight to the proper container the firgt time, diminating costly mistakes and saving
time and money. The system increases the overdl efficiency of the cargo storage space, an
important benefit for port facilities with no room for expansion.

Partnershipsfor a Cleaner Environment

Partnerships among government, indusiry, and educational ingtitutions can generate new
technologies that will grow our economy and help our environment at the sametime. The
Federd government has taken aleadership role in initiating partnerships designed to fulfill dl of
these objectives.

In the Partnership for aNew Generation of Vehicles (PNGV), different sectors are combining
forces to unlock new technologies that will develop anew class of vehicles with afud efficency
of up to 80 miles per gdlon and maintain performance, safety, and cost comparable to today’ s
cars. PNGV joins seven Federa agencies and 19 Federd laboratories with the U.S. Council for
Automotive Research (USCAR), which represents Damler-Chryder, Ford, and Genera Motors.
The PNGV partnership ultimately will help creste new jobs, improve globa competitiveness,
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reduce U.S. dependence on foreign oil, and decrease greenhouse gas emissions.

Researchers expect the next 25 years to bring strong new growth in development of dternative
fuels and other renewable energy technologies for trangportation that are friendlier to the
environment. Over the longer term, these new fuel sources will be economically competitive
with current fossil-fuel technologies. Developing countries around the world are expected to
play aparticularly prominent role in the rise of dternative fuel and renewable energy
technologies for transportation. As developing countries create their trangport infrastructure
between now and 2050, investments in new fud and energy technologies are projected to reach a
level between $15 trillion and $25 trillion. This dynamic new globd market for new fue and
energy technologies will likdy stimulate new partnerships for American businesses, if they are
ready with the technologies that emerging economies demand. This market also presentsa
remarkable opportunity for America s transportation enterprise to create these new technologies
that will adlow usto continue improving the qudity of human life while reducing our dependence
on fossl fuels and their associated environmenta dangers.

E-Commerce and Transportation

The Internet’ s rgpid growth will become a Sgnificant economic force, offering new avenues for
consumer and business-to- business transactions of goods, information, and funds. The Internet
economy generated revenues totaling an estimated $301 billion in 1998. Retail sdeson the
Internet are dso climbing rapidly. Private anayss forecast that the vaue of Internet retaling
could reach between $40 hillion and $80 hillion by 2002. Direct, business-to-business
commerce on the Internet is forecast to surpass $1.3 trillion per year by 2002. Future package
ddivery indudtries will establish that the flow of information about packages and movement of
funds— enabled by technology, logistics knowledge, and the Internet — is nearly asimportant as
moving the packages themsdves.

Virtual M anufacturing of Future Air Transports

Designing, testing, and manufacturing future aircraft requires many human and materia
resources. Information technologies help integrate computer design tools with models and
smulations of manufacturing processes for more efficient design, andysis, and testing of
products. These virtud tools greetly reduce the investment required for product prototyping,
testing, and vdidation. The story of the development and production of the Boeing 777 isa
vivid illugtration of the adoption of virtud manufacturing and the efficiencies that technology
can cregte.

Thelatest rdative in Boeing' s family of jetliners, the 777 isthe firgt arplane to be completdly
designed and pre-assembled virtudly — that is, by computer. Performance and strength of the
plane were analyzed and tested through complex computer models. Of its three million parts,
more than 100,000 are unique, they were precison-engineered from computer models. The parts
were manufactured separately at sites spread around the world, then shipped to a centra plant,
where they were assembled. They fit together perfectly on the firgt attempt. The cost savingsto
Boeing were tremendous, and the company won multiple manufacturing and innovation awards.
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Microengineering Powers

Within the past 5 years at MIT, acareful scaing study of high-peed, rotating turbomachinery
has shown that suitably designed microdevices are actudly remarkably promising for future
power generation and air transport applications.

A conventiond-sized aircraft engine consists of a compressor, a combustion chamber, and a
turbine that is driven by the combustion exhaust and powers the compressor. The resdud
energy in the engine' s exhaust stream provides the thrust. According to MIT's Gas Turbine
Laboratory Director, Alan H. Epgtein, “alarge-scde arcraft engine with a one- meter-diameter
ar in-take generates power on the order of 100 megawatts. When such adevice is scaed to
millimeter Sze, tens of waitts potentialy could be produced” ... and that “a millimeter Sze

engine would have athrust-to-weight ratio of about 100:1, compared to 10:1 for the best modern
arcraft engines” Thisleve of performance may have profound implications for next generation
flight and space vehicles.

Microfabricated microdectronic materias have few defects and are thus quite strong. Thus,
compared to the meta aloys used in today’ s full-scae engines, microengine materias can
operate a high rotation speeds without the risk of destruction. In addition, the chemical process
of burning the fud and air indde the combustion chamber is extremey important to the fuel
efficiency and clean emissons of arcraft engines. A 2-millimeter-long combustion chamber
suitable for microengine use has been recently demonstrated by researchers at MIT.

Nanotechnology Affects Transportation

Today’ s research provides a glimpse of the future in manufacturing, congtruction, and computing
in transportation. Scientists are now able to see things a the molecular leve, and are rapidly
ganing the ability to manipulate materids and processes at the nano-levd. (A nanometer is one-
billionth of ameter, tens of thousands of times smaller than the width of ahuman har.) Inthe
emerging field of nanotechnology, researchers are working to find ways to change the very
compoasition of materias to emphasize desired characteristics such as strength and flexibility.
Nanotechnology holds tremendous promise for future manufacturing and construction of
trangport infrastructure, Sgnaling anew ability to cusomdesign materias that transportation
engineers might need for innovative designs. Nano-engineers are dready envisoning “ self-
assembling” devices that will rebuild copies of themsdaves, molecule by molecule, following
programmed ingtructions. Transportation researchers can even expect to see molecular-sze
switches for computer circuits used in transport systems — from urban masstrangt to air traffic
control. Inthe next 25 years, nanofabrication processes will move from the laboratory to the
assembly line, and new nano-materids and molecular computers will find countless new
gpplications in products and processes that will achieve even greater efficiencies and quaity
levels
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